Purpose. Post-operative radiotherapy (RT) is routinely applied in the treatment of several human tumours. The aim of the present study was to investigate the value of post-operative RT in a rat model.
Introduction
Radical surgical intervention for tumour excision is limited in many cases due to the need to maintain the function of the normal organs concerned. How Tumours and former tumour sites were irradiated locally using 200 kVp X-rays under ambient conditions. 15 RT consisted of five fractions of 2 Gy/week over a period of 6 weeks. Thus, total doses of 60 Gy were applied. In the adjuvant situation, RT was performed from the third post-operative day.
Following treatment, animals were observed three times a week. Size-dependent recurrence rates, as well as specific patterns of treatment response, were subject to further evaluation. Delay in tumour growth was defined as the time to regrow to the start volume V0. To evaluate the mass-dependent recurrence rates, the range of tumour masses was divided into 10 equal intervals on a logarithmic scale (Fig.   1 ). The actual recurrence rates were then calculated for each intercept and approximated using the maximum likelihood method and assuming Poisson unable to prevent temporary recurrence (cf. Fig. 3 ).
10-00 0 0 0000 Post-operative radiotherapy of rhabdomyosarcoma 145 recur (Fig. 1) . The graph in Fig. 1 Figure 2 shows that the time to recurrence ranged from 3 to 42 days and decreased with increasing tumour mass (p < 0.001).
In Figure 3 , median growth curves are presented for the different treatment groups. Tumours receiving 60 Gy irradiation achieved a growth delay of 100 days. Turnouts recurred even during post-operative irradiation; however, turnouts smaller than 1.1 g could be cured by post-operative RT. Tumours 1.1 g or more vanished beyond the limits of detectability at the end of RT. The median length of this interval of 'complete response' was 3 weeks. For recurring larger tumours (> 1.1 g) that were irradiated post-operatively, the time to regrowth was similar to that for turnouts that were irradiated only (Fig. 3) . 
Discussion
The present study shows that there is a sigmoid relation between tumour mass at resection and recurrence rate for the experimental rhabdomyosarcoma R1H of the rat (Fig. 1) . A preformed tumour bed and the activation of growth factors in the operation wound may have an important impact on the patterns of regrowth, which is faster than after tumour transplantation. The growth kinetics appear to be dependent of the tumour mass at excision (Fig. 2) .
Both the present study and former data showed a growth delay of 100 days without any local controls following RT alone using 60 Gy. This was independent of the initial tumour size (Fig. 3) 3 cannot be cured by RT alone using 60 Gy. 16 Hypoxia is held responsible for the relatively high radioresistance in the RIH tumour system. 18 Hence, hypoxia might also be important in the satellites of primary tumours larger than 1.1 g.
As the satellites are not yet macroscopically detectable during surgery, they may remain in situ. There is no obligatory connection to supplying blood vessels. Accordingly, the actual tumour and its satellites are in a competitive situation. By excising the main tumour, all the nutritive supply of the tumour bed becomes concentrated in the remaining smaller cell formations. This may, in addition to operationinduced growth factors, 9 serve as an explanation for the observation of faster tumour regrowth following surgery rather than after transplantation. The fact that 80% of all recurring tumours occurred within 14 days supports this theory.
The results presented are considered to be of clinical interest. Particularly in early and limited tumours, post-operative RT can sterilize these remaining cells and thus improve outcome. This has been shown for gynaecological cancers, 3'4'19-21 breast cancers, 6'7 and head and neck tumours, as well as for sarcomas. 1'1 Similar to clinical tumours eccentric cell migration plays an important role in experimental tumours. Thus, the migration phenomenon has to be taken into consideration when defining the target volume for RT. Concentric, solid cell formations require larger doses than eccentric single cells, and larger tumours demand larger surgical safety margins. This is despite the need for smaller photon doses at the periphery. On the one hand, penumbra irradiation has a positive impact on the outcome. On the other hand, new and more precise irradiation techniques such as 3-D planned multi-leaf collimator techniques and proton irradiation reduce the size of the penumbra volume, thus increasing the risk of leaving persisting tumour cells untreated.
The experimental data provided show that even small tumours may have an unexpected high recurrence rate following surgery alone, especially when the extent of surgical treatment is limited for several reasons. The outcome can be improved significantly by consequent application of post-operative RT.
